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INTRODUCTION 
Genetic parameters can change over time for several reasons.  One of the most studied of these 
is selection.  Under directional selection the additive genetic variance of a trait will decrease 
over time (Bulmer, 1971). This decrease can be caused by changes in gene frequencies, 
inbreeding and linkage disequilibrium (LD). However, in an infinite population with an 
infinite number of genes controlling the trait only the latter will be responsible. 
The effect of LD due to selection on genetic parameters can easily be explained in a simple 
two-locus model (one favorable allele, one unfavorable allele, no linkage, no epistasis) 
(Felsenstein, 1965). Selection on one or both loci will produce an increase in the association of 
the favorable allele at one locus, increasing the phenotype, and the unfavorable allele at the 
other locus, decreasing the phenotype. This results in negative LD, negative correlation, and a 
decrease in genetic variance and selection response. 
Kennedy and Sorensen (1988) explained the effect of selection for a single trait assuming an 
infinitesimal model and infinite population size. They noticed that ultimately, additional 
changes in variance due to new LD are offset by recombination and a new equilibrium is 
reached. Villanueva and Kennedy (1992) extended this work to two traits. When selecting for 
one trait, variances of the directly and indirectly selected trait were reduced. In addition the 
absolute value of the correlation was decreased. The new equilibrium values were reached in 
approximately four rounds of directional selection. 
Selection on traits controlled by a finite number of genes can lead to more dramatic changes. 
Falconer (1981) stated that when two correlated traits are selected simultaneously, genetic 
correlation could become negative. His explanation was that the genes working positively on 
both traits would rapidly go to fixation. As a result the (co)-variance between the two traits 
will mostly result from the remaining (antagonistic) genes. This will result in a negative 
correlation. 
There are other reasons why genetic parameters can change over time, e.g. mutations and 
developmental changes. The latter was explained by Atchley (1998) as the effect of selection 
for one trait on the developmental variability of a second trait. 
Other studies that looked at the use of RRM for type traits focused on differences due to age of 
the animal (Uribe et al., 2001 , Tsuruta et al., 2001). The primary objective of this study was to 
investigate changes in genetic parameters between traits over time by using a random 
regression model (RRM) based on year of birth.  
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MATERIALS AND METHODS 
Data. Production trait (305-d milk, and fat yields) and productive life (PL) data were obtained 
from USDA-ARS, and four linear type scores were from Holstein Association USA Inc. Those 
data comprised about 30,000 records for first lactation cows born from 1979 to 1993 in dairy 
herds in Wisconsin state. 
 
Model. Mixed models with random regressions on year of calving for herd, herd by sire 
interaction, and additive genetic effects were applied for estimation of (co)variance 
components. The model used was: 
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where yijknpq = observations for milk production and productive life and for linear type scores; 
regi = fixed effects of registration status i; agej = fixed effects of age group j; stagek = fixed 
effects of stage of lactation k; hmn, hsmp, and amq = random regression coefficients n, p, and q 
on year of calving for random effects of herd n, herd × sire p, and additive genetic on animal q; 
zm  = Legendre polynomial; and eijknpq = residual effects. The effect for stage of lactation was 
not used in the analysis of the production traits and productive life. The first order Legendre 
polynomial standardized to the range of –1 to +1 for year of calving from 1981 to 1996 was 
applied to the random regression model. 
 
Gibbs Sampling. Variance components were estimated using GIBBS2F90 program (Misztal, 
2001). The first 10000 samples were discarded as burn-in, and the last 20000 samples were 
used to calculate posterior means. 
 
RESULTS AND DISCUSSION  
Regression on orthogonal polynomials of time can account for changes in variances and 
covariances over time and do not require any prior assumptions about how they will change. 
However, the estimates arising from this analysis is a smoothed version of the many 
parameters that would arise from a multivariate analysis treating records in different years as 
different traits (Meyer, 2001). Therefore, we can not partition the changes in genetic 
parameters to a specific year or event where we may have specific knowledge about a change 
in breeding goals and objectives. 
Most animal breeders assume an infinitesimal model and an infinite population. Therefore, for 
most of our discussion, we will concentrate on how well the observed parameters are 
consistent with what would occur due to the generation of LD from selection.  Historically, 
selection within the Holstein breed has been based upon a combination of milk production and 
conformation. However, within the last decade there has been a considerable amount of 
interest in other traits such as fertility and  productive life (VanRaden, 2002). 
Changes in heritabilities observed in Figure 1 reflect a change in selection intensity away from 
production and type and more towards PL. As selection intensity for PL increases, more LD is 
generated, and the heritability decreases. Conversely, the increase in heritabilities of the other  
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traits indicates a decrease in selection intensity in recent years thereby allowing for some of the 
lost genetic variation due to LD to be regained.  

Figure 2 shows the genetic 
correlation between milk yield and 
the other traits. The most dramatic 
change is with PL, going from +.26 
to -.08. Utilizing a simulation 
program based upon the paper of 
Villanueva and Kennedy (1992), we 
observed that a change in the genetic 
correlation from a positive value to a 
negative value can occur due solely 
to LD when selection is based upon 
two traits simultaneously.  These 
results also concur with Falconer’s 
statement that a negative genetic 
correlation will result when selecting 
for two traits simultaneously and 
those traits are controlled by a finite 
number of genes. 
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Figure 1. Trend in heritability over time for milk 
(MLK), fat (FAT), productive life (PL), stature 
(ST), dairy form (DF), fore udder (FU), and udder 
depth (UD). 

-1.0

-0.5

0.0

0.5

1.0

81 84 87 90 93 96

Year of Calving

C
or

re
la

tio
n

FAT PL ST
DF FU UD

     Figure 2. Genetic correlation with milk over 
     time (for abbreviations see Figure 1). 

The increase in the genetic 
correlations between milk yield and 
dairy form (+.10), udder depth (+.20) 

and fore udder attachment (+.25) 
provides further evidence of a shift in 
selection intensity away from production 
and type towards PL. A reduction in 
direct selection for milk yield and 
conformation would result in a decrease 
in LD between the genes controlling 
these traits and an increase in the genetic 
correlation. 
Over time, we see an increase in LD 
between PL and the other traits (Figure 
3) with the exception of udder depth. The 
largest decreases in genetic correlation 
with PL is with fat yield (-.50) and dairy 
form (-.55). Decreasing genetic 
correlations support the belief that the 
reduction in the genetic variances and covariances caused by selection on productive life has 
not yet reached their equilibrium value. A possible explanation for the constant correlation 
between PL and udder depth is that the LD between these two traits has stabilized. 
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Figure 3. Genetic correlations with productive life over time (for abbreviations see Figure 1). 
 
CONCLUSION 
The interpretation of observed changes in genetic parameters can be difficult. One can only 
postulate about the reason behind these changes. Observed changes in heritabilities over time 
reflect a shift in selection intensity away from production and type and more towards PL. An 
increase in LD was observed between PL and most other traits. The largest decrease in 
correlation with PL was for fat yield (-.50) and dairy form (-.55). This study indicates that a 
knowledge of how selection generates LD in a population will greatly aid a researcher in 
predicting and understanding changes in genetic parameters. A RRM is a valuable tool for 
tracking these changes. There are many benefits in knowing the parameters of the current 
population. They allow us to predict how traits will respond to selection; and  provide us with 
insight into designing the best breeding plan and objective for the future.  
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